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FOR E W ORD 

The FS-2 model tes t s  were conducted under 
NASA Apollo Contract NAS9 - 150. 

This repor t  was prepared by D. G. Cummings 
of the Wind Tunnel Projects  Group, Los Angeles 
Division of North American Aviation, Inc. 
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ABSTRACT 

Data a r e  presented fo r  wind tes ts  of the 0. 105- 
scale FS-2 model of the command module and the 
launch escape vehicle conducted a t  Mach numbers of 
0 .26  and 0. 185 in the North American Aerodynamics 
Laboratory. 
a r e  described, and the operating conditions and 
instrumentation a r e  specified. 
force and moment data a r e  presented in  both tabular 
and plotted form. 

The model configurations and installation 

The six- component 

This repor t  presents basic wind tunnel tes t  data 
only to make the tes t  resul ts  available a t  the ear l ies t  
possible date. Analyses and summary of resul ts  will 
be reported in a separate  document. 

Y 

ir 
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I .  INTRODUCTION 

The Apollo force model FS-2 was tested in  the NAAL 7.75- by 11-foot 
wind tunnel f rom 17 July to 31 July 1962. 
investigate the aerodynamic force and stability characterist ics of the launch 
escape vehicle (Figure 1) through an angle of attack range of -10 to t o 0  
degrees. 
range of - 10 to $180 degrees to determine aerodynamic characterist ics.  
Data were obtained at nominal Mach numbers of 0.26 and 0.184 with co r re -  
sponding Reynolds numbers of 2.49 and 1.77 x 106 respectively. 

These tes ts  were conducted to 

The command module (Figure 2)  was tested over an angle of attack 

Two rocket base sk i r t s  were attached to the aft end of the launch 
escape motor to determine their  effect on the stability of the launch escape 
vehicle. These configurations a r e  i l lustrated in  Figures 3, and 4. The 
tower assembly is shown in  Figure 5. 

Steady-state aerodynamic characterist ics i n  the angle-of-attack range 
i f r o m  -10 to t180 degrees were  defined for the command module at the low 

subsonic regime. 
Flow studies of this problem were performed using 

tufts and kerosene-talcum visualization methods. 
in  Figures 9 and 10,  indicate that a large a rea  of the heat shield is subject to 
sudden flow attachment and detachment in  this angle range. 
enon also exhibited considerable hysteresis  which caused the angle of attack 
at which the discontinuities occurred to be a function of the direction 
(decreasing or increasing 
This phenomenon is shown in the plotted data. 
runs and configurations tested is contained in  Appendix A. 

Discontinuities i n  all parameters  were observed at 
a z 57 degrees. 

These flow studies shown 

This phenom- 

a ) in which the cri t ical  point was approached. 
A summary of completed 

- 1 -  
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0 
I 

I I .  MODEL DESCRIPTION 

The FS-2 model is a 0. 105-scale replica of the launch escape vehicle 
(LEV)  consisting of the Apollo command module and launch escape system 
(Figure 1). To cover the required angle-of-attack range, three basic 
command modules were constructed. The modules consisted of s teel  
balance blocks enclosed by cast  aluminum shells. 
identical except that the balance cavities were positioned such that 10 
different balance installations were possible in  which the angle between the 
model axis and balance axis was varied. These modules were constructed 
to accept the escape tower configuration and various detachable escape 
motor configurations. 

A l l  modules were 

Structural  analysis of the basic model is presented in  the s t ructural  
1 analysis report  , 

t e s t  r eportz. 
and detailed model drawings a r e  included in  the pre-  

INSTRUMENTATION 1 
Forces  on the model were measured  by means of the 2.5-inch Mark 

111-C internal balance with a 1500-pound rating for each normal  force 
element and a 250-pound rating for the force element. 

Base pressures  were not required, but one balance chamber pressure  
was measured with a Statham differential p ressure  transducer.  

lMcClain, C. B. 
Model (FS-2). 

Structural  Analysis of the 0. 105-Scale Apollo Wind Tunnel 
NAA/S&ID, SID 62-104 (12 March 1962). 

‘Cummings, D. G. 
(FS-2) in  the NAAL Wind Tunnel. 

P re t e s t  Report  for the 0.105-Scale Apollo Force Model 
NAA/S&ID, SID 62-738 (25 June 1962). 

- 3 -  
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MODEL NOMENCLATURE 

References to the model description and nomenclature are given in the 
following listing. 

Symbol 

c2 

T9 

E2 0 

E3 5 

Description 
- 

Command Module 
Dia. = 154 in. 

Tower Structure 
Length = 114. 51 in. 

Escape Motor 
Length = 252. 89 in. 
30" f lared sk i r t  with 
1.8 diameter ra t io  
65.0 in. disc  mounted 
fwd. of f lared skirt 

Escape Motor 
Length = 252.39 
36O55' f lared sk i r t  
with 2. 0 diameter ra t io  

General Arrangement 

NAA Drawing 
Number 

7 121 -0 1077 
-3, -4, -5 

7 121 -0 179 
-11 

7 121 -01080 
-2, -9, -10, -11 
-18 and -21 

7 1 2 1  - 1080 
-18, -9, -2 

Sketch 

Figure 2 

Figure 5 

Figure 3 

Figure 4 

Figure 1 

FULL-SCALE DIMENSIONS 

The full-scale dimensions of the FS-2 test model are presented in the 
following outline. 

Command Module, C2 
Max. diameter,  in. 
Radius of spherical  blunt end, in. 
Corner radius,  in. 
Nose cone semiangle, deg. 
Nose cone vertex radius,  in. 
Total height, in. 
Frontal  area, f t 2  

- 4 -  
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co 

3 

Tower Structure, T9 
Tower length, in. 
Number of longitudinal members  
Diameter of longitudinal member ,  in. 
Diameter of c ross  braces ,  in. 
Distance between attachment points at 

Distance between attachment points at 
command module, in. 

escape motor,  in. 

Escape Motor, EZ0 
Diameter of escape rocket base, in. 
Skirt  diameter ratio, Ds/Dm 
Skirt-disc ra t io  Dd/Dm 
Distance of sk i r t  disc f rom skir t ,  in. 
Total length, including forward jettison 

Length of jettison motor, in. 
Diameter of escape rocket and jettison 

Skirt  f la re  angle, deg. 
Nose radius, in. 
Nose included angle, deg. 

motor, in. 

motor,  in. 

Escape Motor, E3 5 
Diameter of escape rocket base, in. 
Skirt  diameter ratio,  Ds /Dm 
Total length, including forward jettison 

Length of jettison motor, in. 
Diameter of escape rocket and jettison 

Skirt  f la re  angle, deg. 
Nose radius, in. 
Nose included angle, deg. 
Diameter ring around the intersection of 

motor, in. 

motor, in. 

f lared sk i r t  with the rocket, in. 

114.51 
4 
3.57 
2.38 

46.752 

21.905 

52. 0 
2.0 
2. 5 
0.5 

252.89 
48. 0 

26. 0 
30. 0 

2.0 
30.0 

54. 6 
2.0 

252.39 
48.00 

26.00 
36.925" 

2 .0  
30. 0 

28.87 

- 5 -  
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111. TEST PROCEDURE 

TEST NOMENCLATURE 

Nomenclature for the FS-2 model tes t s  is presented in  the following 
listing. 

Mach 

RN 

q = Q  

Po 

PB C 

3 
a 

rlr 

9 

A 

d = D  

- 
X 

Tes t  section f ree-s t ream Mach number 

Reynolds number x l o m 6  (based on reference diameter) 

Tes t  section f r ee - s t r eam dynamic pressure ,  lb/ft2 

Tes t  section f ree-s t ream static pressure ,  lb/f t2  

Balance chamber pressure ,  lb/f t2  

Balance chamber pres  su r  e coefficient, PB C - Po/  q 

Angle of attack of model, degrees 

Angle of yaw of model, degrees 

Model ro l l  angle relative to the balance plane of symmetry,  
degrees 

Angle between balance axis and model axis of symmetry,  
degrees 

Model reference area, 1.4261 f t 2  (maximum cross-sectional 
sectional a r e a  of command module) 

Model reference diameter,  1. 3475 f t  (maximum diameter of 
command module) 

Distance along model 5 from command module apex to 
center of gravity, inches; negative when aft of apex 

Perpendicular distance f r o m  model E to center of gravity, 
inches; positive when below model (& 

- 7 -  
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Stability sys tem of axes with origin at center  gravity 

CD Drag coefficient , drag /qA 

CL Life coefficient , l i f t  /qA 

Pitching-moment coefficient, pitching moment /qAd Cmcg 

Side-force coefficient, side force/qA CY 

Yawing-moment coefficient , yawing moment /qAd cNS 

CLS Rolling-moment coefficient, rolling moment /qAd 

L/D Lift t o  drag ratio, CL/CD 

Body system of axes with origin at center of gravity 

CA Axial-force coefficient, axial force/qA 

CN Normal-force coefficient, normal  force /qA 

CNB Yawing-moment coefficient, yawing moment /qAd 

CLB Rolling-moment coefficient , rolling moment /qAd 

Body system of axes with origin at command module projected cone apex 

CMA Pitching-moment coefficient, pitching moment /qAd 

XCPN/D Location of normal  force center of p re s su re  divided by the 
command module diameter,  measured  f rom the command module 
apex, CMA/CN 

Subscripts 

S Referenced t o  the stability axes sys tem 

B Referenced to  the body axes sys tem 

MODEL INSTALLATION 

The FS-2 Apollo force model was installed on the Task 2-1/2-inch 
Mark 111-C internal balance and adapter mounted to  the sting assembly as 
shown in Figure 6. 

- 8 -  
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During the operation of this tes t  in  NAAL wind tunnel, a n  angle-of- 
attack range of -30 t o  t30 degrees was covered with the sting support system. 
This range, combined with the various model offset angles ( 6 )  allowed 
adequate coverage for  the angles of attack on the model. 

The model was positioned in the yaw plane by rotating the model 90 
degrees with respect to  the balance, thereby measuring normal  forces  on 
the side force gages. 
of attack were then accomplished by pitching the model in  the yaw plane. 

This was done t o  increase  the data accuracy. Angles 

Photographs of tunnel installations a r e  presented in  Figures  7 and 8. 

INSTRUMENTATION 

Six-component force data were  measured by the internal balance. The 
output of each force element was recorded on Leeds and NorthropSpeed-0- 
Max s t r ip  char t  recorders  set  t o  monitor severa l  seconds of data a t  each 
point. 
8B014 program which was reduced by the ISM-709. 
data, presented in tabulated and ca rd  fo rm,  was then plotted on a Bensen- 
Lehner digital plotter. 

The average values f rom the chart  paper were transmitted to  the 
The final computed 

1 
I Balance chamber p re s su re  was measured with a Statham differential 

p ressure  t ransducer ,  type PM5TC f 0.25 -350 (*O. 25 psid),  referenced t o  
the P o  reference system, 

Typical photographs of Kerosene-talcum tes t s  a r e  presented in  Figure 
9 ,  and typical photographs of tuft t e s t s  are  shown in Figure 10. 

DATA REDUCTION CONSTANTS 

Force  and moment coefficients were camputed based on the following 
geometric c on s tant s : 

A Model reference a r e a ,  1.4261 f t 2  
(maximum c r o s s  -sectional area) 

D Model reference diameter,  1. 3475 ft. 
(maximum diameter of command module) 

Reference center of gravity locations for  the launch escape vehicle was 
x/D = -0.315 and Z/D = 0.044; for  the command module alone, the reference 
center of gravity locations were Z/D = -0. 686 andZ/D = 0.059. 

- 

- 9 -  
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Mach R N x  *ACN *ACA *Cmc.g. *ACMA 

0.26 2.49 0.002 0.002 0.0005 0 ,0014 

0.185 1.77 0.003 0.003 0.0010 0.0027 

IBM program 8B104 was used t o  reduce the data f rom the chart  paper 
on the IBM 7090 computer. 

*ACL *ACD 

0.002 0.002 

0.003 0 , 0 0 3  

All angle-of-attack data were corrected for  sting and balance deflec- 
Although balance p res su re  was measured,  no corrections were made tion. 

to  the data for  base drag. 

DATAACCURACY 

The balance and recording instrumentation were se t  t o  provide 
maximum sensitivity possible within the capabilities of the amplifying 
instrumentation and the limits established by keeping maximum loads less 
than full scale on the recorder .  
t es t  conditions a r e  l isted below: 

The probable coefficient e r r o r s  for  all 

- 10 - 
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C 

8 = 180 D E G R E E S  

el = o DEGREES 

Figure 7. Command Module C2 Installed in  Tunnel 
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? 

E35T9C2 

E20T9% 

Figare 8. Launch Escape Vehicle Installed in  Tunnel 
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i 'i 

a= 52 D E G R E E S  

a= 52 DEGREES 

r \  
3 Figure 9. Kerosene-Talcum Flow Visualization Tests  (Sheet 1 of 3) 
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a= 57 DEGREES 

a= 57 DEGREES 

? 
Figure 9. Kerosene-Talcurn Flow Visualization Tes t s  (Sheet 2 of 3 )  

- 20 - 
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ct= 62 DfGREES 

a= 62 DEGREES 

Figure 9. Kerosene-Talcum Flow Visualization Tests  (Sheet 3 of 3) 
i 
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a= 40 D E G R E E S  

a=44 D EG REES 

Figure 10. Tuft Flow Visualization Tests  (Sheet 1 of 10)  
‘z 
j 
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F 

(Y= 46 DEGREES 

CY= 48 DEGREES 

Figure 10. Tuft Flow Visualization Tests  (Sheet 2 of 10) 
t '  

2 
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a= 50 D E G R E E S  

a= 52 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests  (Sheet 3 of 10) 

. < P 
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= 53 DEGREES 

= 54 DEGREES 

Figure 10. Tuft Flow Visualization Tests (Sheet 4 of 10) 
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CY= 55 D E G R E E S  

a= 56 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests  (Sheet 5 of 10) , 

- 26 - 
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= 57 D E G R E E S  

a= 58 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests (Sheet 6 of 10) 
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CY = 59 D E G R E E S  

4 

61=60 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests  (Sheet 7 of 10) 
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=61 D E G R E E S  

I 

= 62 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests  (Sheet 8 of 10) 
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CY= 64 DEGREES 

a= 66 DEGREES 

Figure 10. Tuft Flow Visualization Tes ts  (Sheet 9 of 10)  
j 
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C 

h 

f 

= 70 D E G R E E S  

a= 75 D E G R E E S  a= 80 D E G R E E S  

Figure 10. Tuft Flow Visualization Tests (Sheet 10  of 10)  
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RUN INDEX 

Run numbers for  the various configurations and Mach numbers a r e  
presented in the following summary of Completed Runs. 

NAAL 485 Facility-NAAL 7.75 ' x 11 
Model - 0.105-Scale FS-2 

Configuration 

E20T9c2 

E35T9C2 

c 2  

Range (deg) 

-10 t o  t 1 5  
15 to  40 
30 t o  50 
40 to  90 

-10 t o  t 1 5  
15 t o  40 
40 to  90 

-10 t o  20 
15 to  40 
30 t o  90 
40 t o  80 
50 t o  70 
80 t o  120 

110 t o  170 
120 t o  160 
160 t o  190 

*Indicates tufts tes t  

Mach Number 

0. 185 

19 
22 

0.26 

1 
3 

10 
4 

11 
13 
14 

2 
6 

17, 18, 20 
5 

21 ,  :k23, *24 
7, 15 

16 
9 

8 ,  12  

A- 2 
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DATA FORMAT 

The key to  reading the tabulated data is as follows: 

The first line at the top of each page identifies the type of data. The 
second line at the top of each page contains the following identification: 

1. 
2. 
3 .  
4. 
5. 
6 .  
7. 

8. 
9 .  

Run number 
C onfigur ati on tested 
Theta = model offset angle (8) 
Phi = model rol l  angle (4) 
Type P 6  = Pitch condition using six force components 
Mach number 
RN = Reynolds number x 
diameter,  16. 17 inches) 
Q = Test section f ree-s t ream dynamic p res su re ,  lb/f t2  
NAAL 485 = Test  number 

(based on command module 

First Page - Body-Axis Coefficients 

Alpha = Model angle of attack, deg 
Yaw = Model angle of yaw, deg 
CA = Axial-force coefficient 
CN = Normal-force coefficient 
CMA = Pitching-moment coefficient about the command module 

CNB = Y awing-moment coefficient 
CLB = Rolling-moment coefficient 
XCPN/D = Location of normal  force center  of p re s su re  divided by 

apex 

the command module diameter ,  measured f rom the 
command module apex, positive forward 

DP/Q = Balance chamber p re s su re  coefficient 

A-3 
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t 

Second Page - Stability Axis Coefficient 

Alpha = Model angle of attack, deg 
Yaw = Model angle of yaw, deg 
CD = Drag coefficient 
CL  = Lift coefficient 
Cmcg = Pitching-moment coefficient about C. G. 
CY = Side-force coefficient 
CNS = Y awing-moment coefficient 
CLS = Rolling-moment coefficient 
LID = Lift t o  drag ratio 
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